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Abstract 
In geophysical survey system, a Time Domain Electro-Magnetic (TDEM) technique is used to detect the presence of uranium in 
the earth crust. For heliborne survey, certain equipments, such as power converter and data acquisition system are installed on a 
helicopter. The power converter is responsible for the generation of high current pulses to feed the transmitter for setting up the 
required electromagnetic field. The power converter consists of a free running inverter, which sits over a DC-DC converter. Data 
acquisition system acquires data from various sensors for further processing and interpretation. Data acquisition system consists 
of a highly vibration sensitive onboard computer (IDAN boxes) rigidly mounted over a plate inside the data acquisition system 
enclosure. Since the power converter and data acquisition system are installed on the floor inside the surveying helicopter, it is 
mandatory to qualify these equipments for vibration & shock as per MIL standard before onboard installation.  
 
To evaluate the structural integrity of power converter and data acquisition system under various loading conditions of vibration 
and shock, a preliminary estimation of stresses and deflections was made by hand calculations and then, finite element analysis 
has been performed to optimize the design. Modal analysis has been performed to estimate the natural frequencies of power 
converter. Since the natural frequencies of the power converter were within the disturbing frequency range (i.e., 10 to 84Hz), 
thickness of converter base plate and inverter base plate has been increased to avoid resonance.  
 
Since the data acquisition system consists of a highly vibration sensitive onboard computer, it has been proposed to mount it on 
isolators to minimize the vibration. To evaluate the structural integrity of data acquisition system under various loading 
conditions, finite element analysis has been performed. This paper presents the methodology adopted for design and analysis of 
the equipments for the specified input of vibration and shock. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
The power converter and data acquisition system (DAS) are onboard equipments used in Time-Domain 
Electro-Magnetic (TDEM) based heliborne surveying system for uranium exploration project. The power converter 
is responsible for the generation of high current pulses to feed the transmitter for setting up the required 
electromagnetic field. The power converter consists of a free running inverter, which sits over a DC-DC converter. 
The DC-DC converter is mounted rigidly inside Dhruva helicopter over a 10mm thick plate of mild steel. DAS 
acquires data from sensors for further processing and interpretation. It is required for these equipments to qualify for 
vibration & shock specification as per Safety Of Flight Test (SOFT) criteria laid by Center for Military 
Airworthiness and Certification (CEMILAC), the certifying agency for installing equipments in the Dhruva 
helicopter. 
2. Vibration & Shock Inputs 
The vibration and shock inputs are given below, for which the equipments need to be qualified. 
 
2.1 Resonance Search Test 
 
  Resonance search test at 0.5g amplitude from 5Hz to 500Hz varied at one octave/min. 
 
2.2 Vibration Endurance Test 
 
Endurance test will be for the duration of 15 min per axis in all the three axes and as per the profile shown 
in Figure 1. 
 
 
2.3 Shock Test 
 One shock of 20g amplitude saw tooth pulse of 11msec duration in three perpendicular directions.    
2.4 Acceleration Test 
 Requirements of acceleration test have been listed in Table 1. Duration of test will be 1min in three 
perpendicular directions.    
 
Figure 1: Sine on Random Vibration Testing Profile 
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Table 1: Acceleration Test 
Direction Amplitude (g) 
Aft 4.0 
Fore 6.0 
Up 10.5 
Down 4.5 
Lateral left 6.0 
Lateral right 6.0 
 
3. Finite Element Analysis of Power Converter 
 
3.1 Finite Element Modeling of Power Converter 
 
Finite element modeling of power converter has been performed to estimate the stresses due to various 
loadings. 4-noded shell elements have been used to model the steel and aluminium plates of converter and inverter. 
Beam elements have been used to model the sections. Masses of different components such as IGBT, diode, 
capacitor bank, vicor modules, LWE filter, inductors etc. have been lumped using mass element. Finite element 
model of power converter has been shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2: Finite Element Model of Power Converter 
3.2 Modal Analysis 
 
Modal Analysis has been performed to find out natural frequencies, mode shapes and participation factor in 
each mode. Some of the important modes are given in Table 2. 
 
 
Lumped mass for 
capacitors Lumped mass for 
inductors 
Lumped mass for 
capacitors 
Lumped mass for 
vicor modules 
Lumped mass for 
IGBT 
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Table 2: Frequencies and Mass Participation Factors 
S.N. Frequencies 
 
Mass Participation Factors 
X-direction Y-direction Z-direction 
1. 28.85 - -0.59192 -2.4232 
2. 37.64 -0.20271 -1.7548 -0.18073 
3. 38.70 1.7002 -0.21470 - 
4. 46.57 1.5082 -0.34791 - 
5. 84.59 -0.36312 6.7437 -1.0564 
6. 95.84 4.0089 0.70212 2.2180 
7. 113.78 -6.8726 0.41063 1.6530 
8. 133.35 -1.5578 - -0.33952 
9. 145.70 1.1851 0.61326 3.3615 
10. 204.14 0.18067 0.28530 -5.0905 
11. 260.64 0.33554 - 1.8868 
 
Since the natural frequencies of the power converter are below 84 Hz, stresses will be higher in case of sine 
on random loading. To avoid this, thickness of base plate of converter has been increased to 8mm and thickness of 
base plate of inverter has been increased to 6mm and analysis has been performed. 
 
4. Finite Element Analysis of Modified Power Converter 
 
4.1 Modal Analysis 
 
Modal Analysis has been performed to find out natural frequencies, mode shapes and participation factor in 
each mode. Some of the important modes are given in Table 3. 
Table 3: Frequencies and Mass Participation Factors 
S.N. Frequencies Mass Participation Factors 
X-direction Y-direction Z-direction 
1. 103.03 -1.9322 0.32648 2.0352 
2. 111.26 - -0.73408 -3.7028 
3. 159.42 -1.7708 0.36240 - 
4. 187.53 1.8561 -0.32191 - 
5. 201.77 -0.17720 6.1142 -2.0922 
6. 220.19 -3.3509 -0.73547 -3.4386 
7. 248.02 -5.4759 0.59119 1.7374 
8. 364.52 3.4072 0.31989 -0.19034 
 
Sum of the effective mass participated up to 64 modes (i.e.500 Hz) is 98.57 kg in X-direction, 92.41 kg in 
Y-direction and 66.52 kg in Z-direction. Total mass of the system is 139.97 kg. To ensure at least 90% mass 
participation in each direction, 500 modes have been taken in dynamic analysis. 
 
4.2 Static Analysis for Acceleration Loads 
 
Static analysis has been performed for given input accelerations to calculate the stresses due to acceleration 
in X, Y and Z directions. Acceleration loadings in fore and aft directions were assumed to be 6g instead of 4g for 
maintaining flexibility in installation of the equipments. 
 
4.3 Analysis for Sine on Random Vibration  
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The stresses due to random vibration and harmonic loadings have been estimated separately and combined 
to get the stresses due to sine on random vibration loadings in each direction. To estimate the stresses due to random 
vibration, random vibration (PSD) analysis has been performed. To estimate the stresses due to harmonic loadings, 
dynamic response factor for each sine pulse has been calculated and stresses are obtained by multiplying the stresses 
obtained from the static analysis and dynamic response factor. 
 
4.4 Analysis for Shock Loading 
 
This test will be carried out to verify the capability of the equipments to meet the shock test. During the test 
the equipment will be subjected to one shock of 20g saw tooth pulse of 11 milliseconds duration in all directions in 
three axes. The stresses due to shock loadings have been estimated by multiplying the stresses obtained from the 
static analysis and amplification factor obtained from shock spectrum. 
5. Maximum Stresses in Power Converter 
 
Maximum stresses in power converter have been tabulated in Table 4-6. 
 
5.1 Maximum Stresses due to Acceleration Loads 
Table 4: Maximum Stresses due to Acceleration Loads 
Converter Base 
Plate (MPa) 
Inverter Base Plate 
(MPa)  
Aluminium Plate 
(MPa) 
Allowable Stresses 
(MPa) 
17.32 37.17 7.87 207 (41.4) 
5.2 Maximum Stresses due to Sine on Random Loading 
Table 5: Maximum Stresses due to Sine on Random Loading 
Converter Base 
Plate (MPa) 
Inverter Base Plate 
(MPa)  
Aluminium Plate 
(MPa) 
Allowable Stresses 
(MPa) 
64.93 85.46 24.94 207 (41.4) 
 
5.3 Maximum Stresses due to Shock Loading 
Table 6: Maximum Stresses due to Shock Loading 
Converter Base 
Plate (MPa) 
Inverter Base Plate 
(MPa)  
Aluminium Plate 
(MPa) 
Allowable Stresses 
(MPa) 
68.64 84.96 25.19 207 (41.4) 
 
Note: Bracketed values are allowable stress for aluminium. 
 
Stresses due to various loadings are well within the limit after increasing the thickness of base plate of 
converter and base plate of inverter. 
6. Finite Element Analysis of Data Acquisition System 
6.1 Finite Element Modelling of Data Acquisition System 
Finite element modelling of data acquisition system as shown in Figure 3 has been performed to estimate 
the stresses due to various loadings. 4-noded shell elements have been used to model the data acquisition system. 
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Masses of different components such as monitor and IDAN boxes have been lumped using mass element. The DAS 
consists of a highly vibration sensitive onboard computer (IDAN boxes) rigidly mounted over a plate inside the 
DAS enclosure. To isolate the IDAN boxes from shock & vibration, DAS has been mounted on isolators. Isolators 
have been modelled using spring elements. Finite element model of data acquisition system has been shown in 
Figure 4. 
 
 
Figure 3: Data Acquisition System 
 
Figure 4: Finite Element Model of Data Acquisition 
System 
6.2 Modal Analysis 
 
Modal Analysis has been performed to find out natural frequencies, mode shapes and participation factor in 
each mode. Some of the important modes are given in Table 7. 
Table 7: Frequencies and Mass Participation Factors 
S.N. Frequency 
X-direction Y-direction Z-direction 
*MPF **%MP MPF %MP MPF %MP 
1. 5.86 0.00 0.00 -5.35 81.06 0.01 0.00 
2. 6.40 -5.54 86.91 0.00 0.00 0.09 0.02 
3. 8.64 0.01 0.00 -0.01 0.00 0.00 0.00 
4. 14.03 0.48 0.66 0.03 0.00 5.73 93.07 
5. 15.05 -0.01 0.00 -2.55 18.40 0.06 0.01 
6. 16.22 2.05 11.87 -0.01 0.00 -1.25 4.46 
7. 19.63 0.00 0.00 0.01 0.00 0.00 0.00 
8. 19.78 0.10 0.03 -0.31 0.27 0.25 0.17 
9. 20.04 0.28 0.22 0.09 0.02 0.71 1.44 
10. 21.01 0.01 0.00 0.01 0.00 0.01 0.00 
*MPF- Mass Participation Factors, **%MP-Percentage Mass Participation 
 
Sum of the effective mass participated up to 142 modes (700 Hz) is 35.3358 kg in X-direction, 35.3358 kg 
in Y-direction and 35.3358 kg in Z-direction. Total mass of the system is 35.336 kg. 
7. Maximum Stresses in Data Acquisition System 
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Maximum stresses in data acquisition system due to various loadings have been obtained using the methods 
described in paragraph 4.2-4.4. Maximum stresses in data acquisition system have been tabulated in Table 8-10. 
 
7.1 Maximum Stresses due to Acceleration Loads 
 
Table 8: Maximum Stresses due to Acceleration Loads 
Maximum Stress (MPa) Allowable Stress (MPa) 
83.16 130 
7.2 Maximum Stresses due to Sine on Random Loading 
Table 9: Maximum Stresses due to Sine on Random Loading 
Maximum Stress (MPa) Allowable Stress (MPa) 
101.03 130 
 
7.3 Maximum Stresses due to Shock Loading 
Table 10: Maximum Stresses due to Shock Loading 
Maximum Stress (MPa) Allowable Stress (MPa) 
126.72 130 
8. Results and Discussion 
After increasing the thickness of converter and inverter base plates, natural frequencies of power converter 
have been increased significantly and it is beyond the disturbing frequency range. However, the stresses due to 
shock loading have been increased after increasing the thickness due to increase in td/tn ratio, but it is still within the 
allowable limit.  
Natural frequencies of the data acquisition have been reduced due to shock isolators, which reduces the 
stresses in data acquisition system due to decrease in td/tn ratio. The shock isolators also cause the reduction in 
stresses due to sine on random loadings.  
9. Conclusions 
1. Fundamental frequency of power converter is higher than 84 Hz after increasing the thickness of base 
plates of converter and inverter. 
2. Stresses are within the limit for all the loading conditions after increasing the thickness of base plates of 
converter and inverter. 
3. Natural frequencies of data acquisition system are far away from harmonics after putting isolators. 
4. Stresses are within the limit for all the loading conditions in data acquisition system. 
5. The governing load for both (i.e. power converter and data acquisition system) is shock load. 
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